Abstract. We show how using a special relativistic kinetic equation with a BGK-like collision operator the ensuing expression for the heat flux can be casted in the form required by Classical Irreversible Thermodynamics. Indeed, it is linearly related to the temperature and number density gradients and not to the acceleration as the so-called "first order in the gradients theories" contend. Here we calculate explicitly the ensuing transport coefficients and compare them with the results obtained by other authors.
The purpose of this work is to calculate the explicit form for the heat flux in an ideal relativistic gas to find out what is the form of the constitutive equation as required by Classical Irreversible Thermodynamics (CIT), in the temperature and particle number density representation. This result is important by itself because it will help in clarifying whether or not such constitutive equation should contain a term proportional to the acceleration as it has been claimed by many authors. To accomplish this task, we start by considering the simplified relativistic Boltzmann equation in the absence of external forces:
The term on the right hand side of Eq. (1) is the collision operator which is modeled by means of the BGK approximation [1] . In Eq. (1), the molecular four velocity, v α is
where w ℓ is the molecular three-velocity and γ = 1 − w ℓ w ℓ /c 2 −1/2 is the usual relativistic factor. All greek indices run from 1 to 4 and the latin ones run up to 3. The number density reads
with dv * = γ 5 cd 3 w v 4 [2] . Now, standard kinetic theory leads to the energy balance equation [1, 3] :
where the thermodynamic average is defined through:
In Eq. (4) one can easily identify the heat flux as:
In a Chapman-Enskog expansion, the distribution function is written as
where φ is the first order correction in the Knudsen parameter, a weighted measure of the gradients in the system. For particles of rest mass m, relativistic parameter z = kT mc 2 and in the non-degenerate case, the equililibrium function reads [1, 3] :
in which k is Boltzmann's constant, u β the hydrodynamic four-velocity and K 2 is the modified Bessel function of the second kind. We remind the reader that the first order correction φ contains already the dissipative effects in the system. If τ denotes the collisional time appearing in the BGK model, using the functional hypothesis [4] , the function φ in Eq. (7) is given in terms of the thermodynamic forces as
where the derivatives of the Jüttner distribution function are
and We now introduce Euler's equations for the time derivatives in (9). A hydrodynamic acceleration term appears in the last term of Eq. (9) for α = 4. In the standard approach this term is expressed by the pressure gradient using Euler's equation. This would lead to an awkward representation involving n, T , p and u α . However, in order to comply with the requirements of CIT, using the fact that the ordinary non-equilibrium state variables of the fluid are n, u α and T , we substitute the pressure gradient through the equation of state p = nkT , which readily leads to the following form for the heat flux
